Introduction
Measuring devices that are fixed to definite points are employed in the usual surf zone observation which provide accurate time records. The deployment of the instruments, however, is limited in most field experiments, which restricts the spatial understanding of the surf zone dynamics. In this context, a moored video system is developed to obtain spatial images of the surf zone. Field experiments were conducted at HORS, a research pier located in Hazaki, Japan. Results of the video record processing demonstrate the potential of the system.
There are some foregoing studies existent in coastal studies using video techniques (for example: Lippmann and Holman, 1989; Holland and Holman 1997) , which are mainly concentrating on inferring the sea bottom profiles by image analyses. This study is a new approach, which tries to reveal spatial and temporal variation of the surf zone hydrodynamics.
Video system and image processing
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Photo 1 Balloon
Photo 2 Video cameras attached to a balloon of 24 m 3 volume (Photo 1, 2). The recording duration of each video camera is 1 hour. The system is moored with a rope from the pier at a height in a range of 150 to 250 m. The turbulent fluctuation of the atmospheric boundary layer almost vanishes at this level and it is possible to obtain a jitterless picture. A wind speed of 6 to 7 m/s is the operational limit for the balloon.
The video records are sampled digitally into a PC and processed by an image processing software, whose main functions are image enhancement, filtering, distortion transformation and orthogonal mapping. Hydrodynamic information is then extract from further processing of the picture database.
An example of the video image processing sequence is shown in Fig. 1 . An original image is shown in Fig. 1(a) , which is distorted due to the use of wide angle lens. The result of distortion removal is shown in Fig. 1(b) . Finally, the picture is This image processing procedure was applied for every picture with intervals of one second. Sequent display of the processed pictures on the PC enables to observe the breaking points variation of the individual waves, the propagation of the bores and the transportation of the surface bubbles and sediment patches.
Field experiment
The field experiment was conducted in summer of 1998 and 1999, at the research pier HORS as a program in joint surveys HORS98 and HORS99 (http://cvg.ynu.ac.jp/G2/Hors98/index-e.html). The system was launched from the pier. There was an array of instruments available from the various research groups participating in the survey, where surface elevation, velocity distribution and sediment concentration were measured simultaneously. Dye was injected into the sea for several times.
Results
Data accumulated during the time period of 17:40 to 18:20 on 4/August/1999 were analyzed in detail by preparing an averaged image and time stack images. The 
(1) Averaged image
A close-up view of the time-averaged picture which is processed from images of 2400 s is shown in Fig. 3 . The white clusters are the regions where wave breaking was observed. Some foregoing breakers are existent at x~175 m along the pier. The white belt which extents in longshore direction corresponds to the final wave breaking zone, which followed a iso-depth line for the most part. A slight unevenness in this distribution, for example at y~150 m, is visible, where a shoal extended to offshore direction, converging wave rays and resulting in an offshore shift of the breaking point.
(2) Breaking point variation
Data along a fixed cross-shore line (y=110 m) are extracted from the individual picture and stacked in time which is shown in Fig. 4 . The start points, end points and inclination of the white oblique lines in the figure corresponds to the breaking point positions, the maximum run-up positions of the individual waves, and the local propagation speed of the bores, respectively. A slight fluctuation with a certain period is visible in the variation of the breaking point positions and run-up positions.
The variation of the surface elevation measured at S115-100 (see Fig. 3 ) is compared with the breaking point variation extracted from the time stack image, as shown in Fig. 5 . Thick lines in this figure are the moving average of the raw record with average width of 60 s. A good correlation is observed between the long-period breaking point variation and surface elevation. The breaking points tend to shift Figure 3 Averaged image of 2400 s. Black points denote the location of the instruments for surface elevation and current measurements. onshore during the time period when the mean water level rises.
(3) Longshore velocities distribution
Data along a fixed longshore line (x=122m) are extracted from the individual picture and their time stack is displayed in Fig. 6 . The lateral and vertical axis are the longshore extent in space and the time variation respectively, and the horizontal line in the diagram is the pier. The vertical strips in the picture correspond to the passage of the bores whose interval are roughly 8 s which coincides with the wave record obtained by wave gauges. The bubbles on the sea surface visualize the longshore current that appears as dim oblique streaks in the picture. The speed of the longshore current is proportional to the inclination of the streak indicated with white arrows in the diagram.
The variation of the longshore velocities measured by image analyses was compared with that of measured with velocimeters. Although the time resolution of the image analysis data is not high, a fairly good agreement was observed for the 
Conclusions
A moored video system was developed to obtain a broad image of the surf zone in time series. The results of the field experiments show that this system is able to capture the unsteady and spatial features of the surf zone hydrodynamics. 
